Objective: To determine a simple model to calculate the number of deaths which could be expected in a therapeutic feeding centre from the height, weight and oedema of children on admission. Design: Admission weight, height, presence of oedema of the children and outcome were prospectively recorded. Setting: Data were recorded in 18 feeding centres set-up during emergency operations in Africa. Ten of the feeding centres were selected, a priori, as reference centres and eight centres as test centres. Subjects: Data for 3858 children were recorded. 837 children absconded from the centres and were excluded from the analysis. Analysis was performed on data from 2753 children who left the centre after recovery and 268 children who died during treatment. Interventions: The relation between the risk of death and, anthropometric measurements and presence of oedema has been determined in a previous paper. The maximum likelihood estimate of the constant of the model was determined from global analysis of the data of the reference centres. The model was applied to the data of the reference and test centres. Results: The model to predict the individual probability of death was:
Introduction
Mortality is commonly used to assess the effectiveness of treatment of severely malnourished children either in hospital or nutritional rehabilitation centres (Cook, 1971; Van Roosmalen-Wiebenga et al, 1986; Sadre & Donoso, 1969; Sadre et al, 1973; Khanum et al, 1994) . However, mortality is usually expressed as a crude case fatality rate. These rates are incomparable because anticipated mortality may vary widely from centre to centre depending upon the severity of the malnutrition, associated de®ciencies, endemic or epidemic infection, admission policy, treatment regimen and the quality of care. The prognosis of severely malnourished children depends on anthropometric status (Gomez et al, 1956; Dramaix et al, 1993; Kahn, 1959) , the presence of oedema (Dramaix et al, 1993) micro-nutrient de®ciencies (McLaren et al, 1969; Golden & Ramdath, 1987) , electrolyte imbalance (Gomez et al, 1956; Kahn, 1959) , hepatic dysfunction (McLaren et al, 1969; McLean, 1962) or associated infections (Gomez et al, 1956; Laditan, 1976) as well as the treatment protocol used (Wharton et al, 1967) . Although reduction in mortality depends upon identi®cation of the reasons for observed differences between centres and regimens, they are usually ascribed to inherent features of the malnutrition; this impedes the evaluation of a centre's ef®cacy and attempts to reduce mortality.
Anthropometric status and oedema are easily measured without sophisticated facilities, form the basis for diagnosis and classi®cation of malnutrition and are unlikely to be subject to serious inter-or intra-treatment setting measurement variation.
In a previous study, we showed that the risk of death among severely malnourished children treated in therapeutic feeding centres was related to their anthropometric status on admission assessed by a simple combination of weight and height (Optimal Ratio of Weight to power of Height or ORWH, weight(kg)/height(m) 1.74 ) and oedema (Prudhon et al, 1996) .
The objective of the present study was to develop and test a reference model which can be used to standardise the risk of death in relation to anthropometric status and oedema.
Development of a reference model to assess mortality among severely malnourished children, using easily obtained variables, would help to interpret differences in the level of mortality between feeding units and to detect excess mortality that is unrelated to anthropometric status. Standardisation of observed mortality for anthropometric status on admission could also be used to objectively evaluate new treatment regimens. Management of malnutrition has not changed substantially over the past 30 y and the mortality rates often reported from hospitals, at 20±40%, are the same now as in the 1960s (Scho®eld & Ashworth, 1996) ; improvement requires trials whose results are not confounded by differences in the severity of the malnutrition.
Patients and methods
The study was carried out in 18 therapeutic feeding centres treating severely malnourished patients during emergency relief operations by Action contre la Faim. All children from six to 59 months admitted to these centres during de®ned periods were selected for study. These centres were located in nine different African countries, in camps for refugees or displaced people¯eeing insecurity, or in areas where civil war or drought disrupted food supply. The study period was between 1993 and 1995.
Data prospectively recorded independently of the protocol were available from centre charts. Admission criteria were either the presence of oedema on both feet, weight-forheight (WHP) of less than 70% (where weight is expressed as percent of the median weight of a reference child of the same height as the patient using the National Centre for Health Statistics reference (NCHS, 1977) ) or mid-upperarm circumference less than 110 mm. Dietary management in all centres were based on the use of a mixture of dry skim milk, oil and sugar (Oxfam Health Unit, 1984) . This milk based diet was supplemented with vitamins and minerals (Golden & Briend, 1993) in six centres. Medical treatment, oral rehydration and antibiotics were available in these centres. Children attended the centres each day and were resident during the night where possible.
Weight, height and oedema were recorded routinely for each child on the day of admission. Weight was measured to the nearest 100 g. Recumbent length for children below 85 cm or standing height for those above 85 cm were measured to the nearest millimetre. Oedema was assessed by applying ®nger pressure for at least three seconds to both feet. The outcome of the child was recorded in the charts as dead, cured or absconding if the child left the centre before losing oedema or achieving at least either 80% WHP or 85% WHP depending on the centre, which were de®ned as`recovery'. If a hospital or dispensary was available near the centres, a few children with particular conditions which could not be treated in the centres were transferred to those health services; after treatment the children were readmitted to the centres. These children were designated as`transfers'.
Children absconding before recovery As the outcomes of absconding children were unknown, they were excluded from the predictive analysis. This group of children who left the centre prematurely was compared with the group whose outcome was known. Comparison of anthropometric indices were performed with Mann-Whitney non-parametric U-test (Siegel, 1956a) and of the proportion of oedematous children with a chi-square test (Siegel, 1956b ).
Children who were transferred As transferred children, by de®nition, had experienced a failure of treatment in the therapeutic feeding centres, the relation between the risk of death and the nutritional status on admission may be different for these children and those that were not transferred. To test this hypothesis, a logistic regression (Cox & Snell, 1989a) was carried out on children who were transferred and had a known outcome. Logarithms of weight and height, oedema as a dummy variable (1 if yes, 0 otherwise) and n71 dummy variables corresponding to the n therapeutic feeding centres were entered into the model as independent variables and death as the dependent variable. First, two models were ®tted separately for transferred children and non transferred children. Second, a unique model was ®tted to the whole sample using the same independent variables. The likelihood of the global model was compared with the product of the likelihood of the two separate models through the likelihood ratio test (Cox & Snell, 1989b) .
To test the hypothesis that transferred children, whose outcome was unknown (because they absconded whilst at the hospital), have the same risk of death, according to nutritional status on admission, as children that died in therapeutic feeding centres, the likelihood ratio test was again performed; the models included both the transferred children with known outcome and also the transferred children with unknown outcomes, who were all assumed to die.
Estimation of the predicted number of deaths Our previous study (Prudhon et al, 1996) showed that the probability of death (P(x)) among severely malnourished children treated in therapeutic feeding centres was related to their anthropometric status on admission, using ORWH and oedema, by the logistic model:
where ln ORWH is the natural logarithm of ORWH, oedema is expressed as a dummy variable (1 if oedema is present, 0 otherwise) and a is a constant whose value depends upon both child characteristics other than weight or height or oedema and differences in management of the centres which determine mortality. Ten of the centres included in this study were chosen, a priori, as reference centres on the following basis: (1) they were properly established, with experienced staff, functioning management structures and adequate supervision and (2) no epidemic was recorded during the period of observation.
Maximum likelihood estimate of a was obtained by ®tting the data of these centres globally (Kleinbaum et al, 1982) . First, the constant was determined for non-transferred children and transferred children with known outcome, separately. Second, the constant was determined for the whole sample. The likelihood of the global model was compared with the product of the likelihood of the two separate models through the likelihood ratio test (Cox & Snell, 1989b) .
The homogeneity of intercepts for the reference centres was tested through the likelihood ratio test by comparing a model containing death as the dependent variable and logarithm of ORWH and oedema as the independent variable, with a model containing the same independent variables plus nine dummy variables (one if the child was present in the corresponding centre, 0 otherwise) to take into account the presence of the child in one of the 10 reference centres.
An Excel macro was then written to calculate the predicted number of deaths in a centre by summing individual probabilities determined from the weight, height and oedema status of the children on admission using the constant determined from the grouped reference centres. (7(20.6379.99*RC[71] 1.36
Annex Excel macro to calculate the predicted number of deaths according to weight, height and oedema of children on admission to a therapeutic feeding centre.
Comparison of predicted and observed number of deaths The model was ®rst applied to the 10 individual reference centres and then to a new independent sample of eight test centres.
The Poisson distribution (Armitage, 1971 ) was used to calculate the probability of a deviate as large, or larger, than that observed between the expected and observed numbers of deaths. If this probability is below 0.025, in a two sided test, the recorded number of deaths in a centre is unlikely to be due to the nutritional status of children assessed by height, weight, or oedema, and thus, alternative explanations need to be sought for such a discrepancy.
For convenience, a chart of the two-sided 95 and 99% bet interval of the observed number of deaths was constructed. For each predicted number of deaths from 0±50, (step: 0.01) the minimum and maximum value of the bet interval was determined using the Poisson distribution (Armitage, 1971) . Positioning the point with abscise equal to the predicted number of deaths and ordinate equal to the observed number of deaths allows the reader to check visually if the deviation between observed and predicted number of deaths remain within the bet interval that corresponds to a given type I error. Charts corresponding to other situations (other type I error level and/or onesided bet interval) are available on request.
Data and statistical analysis Weight for height index was calculated using Epinut software (Coulombier et al, 1990) . ORWH and probability of death occurrence were calculated and the macro to calculate the number of predicted deaths was written using Excel 5.0 for windows (Microsoft Excel, 1993) . Statistical analyses were performed using SPSS (SPSS, 1990) and BMDP (Dixon et al, 1988) .
Results
Three thousand, eight hundred and ®fty-eight children were admitted to the 18 therapeutic feeding centres. Among them 2753 left the centres after recovery, 268 died during treatment and 837 absconded.
One hundred and seventy-eight children were transferred to health structures, three of the ten reference centres transferred 48 children and three of the eight test centres transferred 130 children. The outcome of transferred children were variable between centres (Table 1) .
In the reference centres, among children with known outcome (either transferred or not) 1191 children recovered and 91 died. In the eight test centres, among children with known outcome, 1562 children recovered and 177 died. The anthropometric indices, percent of oedematous children and percent of deaths varied markedly from one centre to another (Table 2) .
The percentage of children with unknown outcome (whether transferred or not) for the reference centres and the test centres were 23 and 21% respectively. Age, WHP and ORWH were signi®cantly lower for absconding children in the both sets of centres. The percentage of oedematous children was not different for absconding children and those with known outcome in reference centres but was lower in absconding children from the test centres (Table 3) .
No difference in the risk of death, by nutritional status on admission, could be demonstrated between the model ®tted to transferred children with known outcome and the one ®tted to children who were not transferred (chi-square of 6.68 with four degrees of freedom, P b 0.1). Contrarily, a signi®cant difference was shown in the relation between the risk of death and the nutritional status on admission between (1) the model ®tted to transferred children with known outcome and transferred children with unknown outcome considered as dead and (2) the model ®tted to children who were not transferred (chi-square of 49.96 with four degrees of freedom, P`0.001).
When all transferred children were excluded from the model, the value of the constant was determined as a 20.58 (95% CI: 20.34±20.82). When transferred children with known outcome were included in the model, the value of the constant became a 20. 63 (95% CI: 20.40± 20.86) . No difference could be demonstrated between the estimates of a performed on transferred children with known outcome or on non transferred children (chisquare of 2.30 with one degree of freedom, P b 0.1).
Thus, we include in the ®nal model all the transferred children with known outcome.
No effect of the presence of the child in one of the reference centres on the estimation of the constant could be demonstrated (chi-square 5.716, ddl 9, P b 0.5).
The ®nal model can be written as:
Pdeth IaI expÀPHXTQ À WXWW ln yr IXQT oedem ). ). d P`0.05, comparison between children included in the study and children lost to follow-up.
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When the model was applied to individual reference centres (Table 4) , the probabilities of ®nding a difference between the expected and observed numbers of deaths as large or larger than that recorded ranged from 0.08±0.62. The macro written with Excel to calculate the total predicted number of deaths is shown in annex.
The model was then applied to the data of the eight test centres. For three of these centres, two in Sierra Leone and one in Mozambique, there was a signi®cant (P`0.025) excess mortality, as shown by the discrepancy between the predicted number of deaths and the recorded number of deaths (Table 5 ). In one of these centres, in Sierra Leone (centre 12), the recorded number of deaths among transferred children was 13, which is signi®cantly higher than the expected number of deaths of 2.4 (P`0.001); for the non-transferred children, recorded and predicted number of deaths (25 and 23.8) were not signi®cantly different. In the other centres where an excess mortality was observed, there were no transfer (centre 17) or only a few number of children transferred, all with unknown outcome (centre 11). In the centres where no excess was observed, transfer occurred in only one centre (centre 18) and no difference was observed between expected and recorded number of deaths in non transferred (36.5 and 37) and transferred children (2.56 and 5). Figure 1 shows the two-sided bet interval for the number of deaths which should be observed for a given predicted number of deaths at two levels of type I error. Thus, with a predicted number of deaths in a centre of 14.7, for a twosided 95% bet interval, if the recorded number of deaths is between eight and 22 then, the recorded number of deaths are within the expected variation for the anthropometric status of the children, whereas, if the actual number of deaths is higher than 22 or lower than eight, there is a signi®cant discrepancy in mortality rate that is unlikely to be due to variation in the anthropometric severity or the proportion of oedematous children that are admitted to that centre.
Discussion
This study was carried out to design a simple method to adjust observed mortality among malnourished children treated in feeding centres on the basis of anthropometric status and presence of oedema of the children on admission. The observed mortality rates in the centres in this study varied from 0±22%. The particularly high mortality observed in three of the centres could not be ascribed to the nutritional state of the children, and was due to other factors. The predicted mortality, due to the nutritional state of the children, varied between 2 and 12.3%. This six-fold difference shows that centres can indeed differ from another, in mortality, because of the nutritional state of the children.
Unavoidably, a large number of children absconded and had to be excluded from analysis because their outcome was unknown. How to deal with`absconding' children is a particular problem in calculating mortality rates from different centres. It would obviously bias the rate if the unlikely assumption is made that they either all live or all die; on the other hand, if they are excluded, the severity of disease as judged by death rate presenting in a particular region may be in error. If we assume that the absconding children would experience a similar mortality to those remaining, had they remained to receive the same treatment, then the model allows us to predict the mortality in the absconding children and hence the overall severity of the malnutrition presenting to a centre. Although untested, this is better than assuming that they all die, live or do not exist. The model predicts that a substantial proportion of the absconding children would have died (8.6% in the Table 5 Number of recorded deaths, predicted number of deaths and probability of occurrence of a deviate as large or larger than observed between the two calculated using the Poisson distribution, therapeutic feeding centres, Africa, 1993±1995 A model to standardise mortality C Prudhon et al reference centres, 7.5% in the test centres) and it is probable that many of them died at home. There is no reason to suppose that the outcome of the absconding children, in relation to their anthropometric status, would have differed from the children remaining, had the absconding children stayed in the centre. If they would have experienced a totally different mortality rate, had they remained, then the model would contain an ascertainment bias; we think this unlikely to be of practical importance. Transferred children whose outcome was known had the same risk of death according to their nutritional status as non-transferred children. Excluding these children could lead to an under-estimate of the actual number of deaths in a centre, but not to an error in the comparison of the predicted and observed mortality rates using our model. The fate of transferred children with unknown outcome cannot be predicted from our study.
In a previous study, no effect of centre or age (within the range 6±59 months) was found on the relation between nutritional status assessed by ORWH and oedema and mortality (Prudhon et al, 1996) . This model can probably be used in any centre treating severely malnourished children between 6 and 59 months with anthropometric indices in the same range as this study.
Our model is based on data taken from therapeutic feeding centres set up by a non governmental organisation in emergency situations. An overall crude mortality of 7.6% in the reference centres and 11.3% in the test centres was achieved. This is lower than that reported from many hospitals and nutritional rehabilitation units in non emergency situations (Schol®eld & Ashworth, 1996) . The centres selected as reference centres presented the optimal conditions for treatment of severe malnourished children during such emergency operations. Nevertheless, the centres were running with makeshift facilities, without any diagnostic facilities or treatment for other serious diseases, with staff shortage and training in nutritional treatment for a relatively short time, and lack of vitamins and minerals in the diet in some centres. Despite those facts, the resources allocated for those feeding centres may be more important than the ones in most nutritional rehabilitation units in non emergency situations.
The model has been developed with a simple and standardised treatment protocol. Protocols which speci®-cally address the non-anthropometric prognostic factors may achieve lower mortality rates than those here reported after adjustment for oedema and ORWH.
The fact that the model was able to accurately predict mortality within different centres from nine African countries, that themselves differ in such factors as prevalent endemic diseases, level and adequacy of relief aid, antecedent disposable income, staple diet, climate, geochemistry, prevalence of endemic micronutrient de®ciency, infant rearing and feeding practices, religion and other cultural attributes, all of which could theoretically affect the relationship between anthropometric variables and mortality, indicates that these other factors do not, in general, affect mortality independently of anthropometric status and oedema. The model appears to be generally applicable to sub-Saharan Africa.
Relations between anthropometric status and risk of death among malnourished children treated in feeding units have been reported in several studies from populations for children from different races and continents (Gomez et al, 1956; McLaren et al, 1969; Gurson et al, 1976; Gillam, 1989) . There is some evidence that the relation between anthropometric status of children and mortality in the community may be different between Africa and South Asia (Briend, 1992 ). Whether our model can be used with other populations needs further investigation.
Among eight test centres, three showed a higher number of deaths than expected although, at least for two of them, mortality rates were close to the ones observed in some reference centres where no excess was observed. In both centres in Sierra Leone, security problems prevented adequate supervision of the centres. In one of these centres, excess of mortality was related to the fate of the children sent to the health structure, but no explanation could be determined. In Mozambique management was inadequate and led to poor organisation and failure to follow management guidelines.
In non-emergency situations, malnutrition may be associated with different problems that generate a different relationship between anthropometric variables and mortality. Thus, although we have no evidence for or against this supposition, our model should be independently validated for non emergency situations.
Our model could probably be improved by taking into account other risk factors among severely malnourished children, such as electrolyte imbalance (Gomez et al, 1956; Kahn, 1959) , signs of liver failure (McLaren et al, 1969; McLean, 1962) or micronutrient de®ciencies (Gomez et al, 1956; Laditan, 1976) . However, these risk factors are dif®cult to assess accurately in most of the developing world and, although the model might be improved, its application would then become severely restricted to those centres that could measure the variables of an expanded model. We suggest that the way forward is to speci®cally examine these factors, together with a review of the treatment regimen and organisational structure, where a discrepancy between actual and predicted mortality is observed.
It should be emphasised that the model is not designed to provide an assessment of the prognosis of individual children, rather for the expected mortality within a group of malnourished children undergoing treatment. Further, to be valid, any comparison between predicted and recorded number of deaths has to be restricted to data from children whose ®nal outcome is known. This paper presents a simple model to predict death among severely malnourished children in relation with anthropometric status and presence of oedema of the children on admission to centres. The predicted number of deaths in a centre can be easily calculated by using a spreadsheet. The macro of the model is available on request. The ®gure will allow statistical assessment of any discrepancy between the number of recorded and predicted deaths in a centre, that is unlikely to be related to nutritional status of the children on admission. Evaluation of the ef®cacy of the feeding centre may be performed easily at regular intervals with the data of children who left the centres with known outcome. In an emergency setting the result should be interpreted with caution in the ®rst month of operation as the children who require more than one month of treatment will not be taken into account for the calculation.
Our model can be used to examine the trends in mortality over time in a centre and the effect of changes in management and other factors unrelated to the initial nutritional state of the children. This tool may be used as well to adjust the comparison of the ef®cacy of the treatment between different therapeutic feeding centres.
